Franck-Condon factors (vibrational transition probabilities) and r-centroids have been evaluated by a numerical integration procedure for the bands of A 0 +g − X 1 Σ + , B 0 +g − X 1 Σ + systems of AuH and A 0 + − X 1 Σ + system of AuD molecules using a suitable potential. The physical and astrophysical significances of our evaluated Franck-Condon factors and r-centroids have also been discussed, which would be helpful in the prediction of the presence of AuH and AuD molecules in various celestial bodies.
I. INTRODUCTION
The theoretical prediction of intensity distribution in the molecular band system requires a knowledge of molecular parameters like vibrational transition probabilities, which are to a good approximation proportional to the Franck-Condon (FC) factors and r-centroids. A precise knowledge of FC factors and related quantities are essential for understanding and calculating many important data for the molecules, e.g., radiative lifetime, vibrational temperature and kinetics of energy transfer. Both the molecular parameters that is FC factors and r-centroids play an important role to arrive at the variation of electronic transition moment with internuclear separation, relative band strength and vibrational temperature of the source [1] [2] . The vibrational transition probability parameters for the diatomic molecules are therefore necessary for diagnostic applications in astronomy, astrophysics and allied subjects.
The gold atom and its compounds are well-known examples for the influence of relativistic effects on atomic and molecular properties [3] [4] [5] . In astrophysical application, Johnson et al. [6] calculated the weighted column densities for 248 molecules including AuH which could be possibly present in an oxygen-rich (O-rich) star under the effective temperature 2500 ≤ T e f f ≤ 4000 K.
As there has been no report on the FC factors and rcentroids for the emission band systems A 0 +g − X 1 Σ + , B 0 +g − X 1 Σ + of AuH and A 0 + − X 1 Σ + of AuD, we have computed the values of FC fators and r-centroids for these band systems by the numerical integration procedure using a suitable potential.
II. THEORY
The intensity (I v v ) of a molecular band for an electronic transition in emission is
where D is a constant partly depending on the geometry of the apparatus, N v is the population of the level v ,
v v ) is the quantum energy and p v v is the band strength. In terms of the electronic transition moment R e , p v v is given by
The quantities q v v andr v v are the Franck-Condon factors and r-centroids respectively. The form of q v v can be expressed as the square of the vibrational overlap integral
where ψ v and ψ v are the vibrational wave functions for the upper and lower states respectively. The r-centroid (r v v ) represents the characteristic internuclear separation of v − v transition in a diatomic molecular band system and is defined byr
Keeping these in view, the FC factors and r-centroids for some electronic band systems of AuH and AuD molecules could be computed as per the procedure described below.
III. COMPUTATIONAL PROCEDURE
For a proper understanding of the intensity distribution in the band system of the molecule, it is necessary to choose a suitable potential. The potential energy curves for the electronic states of A, B, X, of AuH and A, X of AuD molecules have been constructed using Morse [7] function and also by Rydberg-Klein-Rees (RKR) procedure as modified by Vanderslice et al. [8] . The vibrational energy G(v), the turning points r max,min data are reported in tables I to V. It is found that the Morse function represents the potential energy curves of all the electronic states quite adequately, since the RKR curve is nearly coincident with the Morse one.
The Morse functions are then calculated at the intervals of 0.01Å for r ranging from 1.23Å to 1.43Å, from 1.25Å to 2.54Å and from 1.24Å to 2.94Å for every observed vibrational level of each state of A−X, B−X systems of AuH and A−X system of AuD molecules. Once the appropriate wave functions are obtained, the FC factors can be determined by evaluating the integral in equation (3) . The definition of r-centroid offers a method of computing r-centroids directly. The computation of the FC factors is made by Bates' [9] method of numerical integration according to the detailed procedure provided by Partal Urena et al [10] .
The integrals in the equations (3) and (4) for the FC factors (q v v ) and r-centroids (r v v ) are computed numerically for [11] [12] [13] are also entered. The molecular constants used in the present study are collected from the compilation of Huber and Herzberg [14] .
IV. RESULTS AND DISCUSSION
The FC factors indicate that the (0,0), (0,1), (1,0), (1,2), (1,3) and (2,4) bands are bright and all the other bands are comparatively weak for the band system of A−X of AuH. In the case of B−X band system of AuH, FC factors divulge that (0,0), (0,1), (1,0), (1,2) and (1,3) bands are strong when compared to other bands. On investigating the FC factors for the band systems A−X of AuD molecule, it is found that the (0,0), (0,1), (1,0), (1,2), (1,3), (2, 4) and (2, 5) bands are prominent while all the other bands are weak. We have obtained the FC factor ratio (intensity ratio) for the (0,0) band in A−X system as 1 : 0.7819 of AuH : AuD. The sequence differences for the A−X and B−X band systems of AuH are found to be varying from 0.014Å to 0.084 A and from 0.040Å to 0.067Å respectively. In case of A−X band system of AuD, the sequence differences are found to be varying in between 0.001Å to 0.070Å.
In all the systems discussed above,r 00 is greater than (r e + r e )/2 by 0.01Å which reveals that the potentials B, A & X of AuH and A & X of AuD are more anharmonic. The reported Franck-Condon factor and r-centroid values could be considered as satisfactory and reliable as they have been evaluated by the numerical integration procedure with the suitable potential function. The FC factors are directly proportional to the intensities of the bands and the intensity ratios reflect the abundance of the molecules [15] . Hence the above indicated intensity ratio may be interpreted as if AuH is present in an astrophysical object, there is about 78 percent possibility for the existence of AuD molecule also. For example, as already mentioned, AuH is predicted to exist in the O-rich star [6] . If the presence of AuH is confirmed in O-rich star, one may expect the presence of AuD molecule too in the same source. Therefore, the present study results are significant.
